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Abstract 
Decreasing water resources and steadily rising water demand drive research towards new approaches for safe and reliable water 
supply for the municipal, agricultural and industrial sectors. One solution for fresh water provision is sea water desalination using 
solar thermal energy. This paper describes the coupling of a Multi Effect Distillation (MED) plant with a Clausius-Rankine cycle 
powered by a solar central receiver system. A steady state model of an MED plant is developed and a correlation for the Gained 
Output Ratio (GOR) as function of heating steam temperature, specific seawater mass flow and specific heat transfer surface of 
the desalination plant is deduced. This correlation is integrated into a model of a central receiver plant, comprising the heliostat 
field, a molten salt receiver system, two-tank storage and the steam cycle. A showcase simulation for the location Al-Kosseir, 
Egypt is performed to show the trade-off between electricity and water production for a cogeneration situation. 
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1. Potentials and limits of MED technology 
Today MED technology plays an increasing role in the desalination market. Compared to the leading 
technologies Multi Stage Flash (MSF) and Reverse Osmosis (RO), MED offers the advantage of utilizing low 
temperature heating steam between 60 and 90 °C. Unlike MSF, the MED process usually operates as a once through 
system; the absence of recirculation of large brine masses reduces both pumping requirements and scaling 
tendencies. For these reasons the MED technology can be useful for cogeneration plants, which have a stronger 
emphasis on electricity production than on water production. In addition, MED has great potential for solar 
applications because it is, so far, the only commercially proven technology that can be operated in part load. It also 
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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offers the same advantages as other thermal technologies such as high reliability and product safety. Nevertheless, it 
is important to mention that, in continuous operation RO and MSF technologies are more efficient than MED [1]. 
2. Working principle of MED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The MED process is composed of n evaporators, called effects, n-1 flashing boxes, one down condenser and a 
venting system. In this work the so-called parallel/cross flow configuration is chosen because of its higher 
achievable GORs [1]. Fig. 1 shows a schematic of the MED plant: the effects are numbered with the character i from 
1 to n from left to right. The main components of the effects are the heat transfer area Ae,i, vapor space and a mist 
eliminator. The evaporators are designed as horizontal falling film tube bundles, which allow high wetting rates and 
are therefore able to handle seawater scaling.  
The feed water enters the first effect and is sprayed onto the evaporator tubes. The heating steam, supplied from 
the condensation step of the Clausius-Rankine cycle, condenses inside the evaporator tubes of the first effect. 
Thereby the seawater is heated to saturation temperature of the effect pressure and starts evaporating. The top brine 
temperature ranges between only 55 and 70°C, this minimizes the use of anti-scalants [2]. The produced vapor 
condenses in the next effect, where steam is produced at lower pressure. The brine leaving the first effect flows to 
the second, where it flashes and mixes with the feed seawater. Another small quantity of vapor is formed in the 
flashing boxes via flashing of distillate condensed in the previous effect. This process is repeated in all following 
effects until the minimum temperature is reached. In a final step, the vapor from the last effect is condensed in the 
down condenser, thereby preheating the incoming seawater. 
3. Modelling of the MED plant 
The model for the MED-plant is based on the setup shown in Fig. 1. The model uses mass and energy 
conservation laws of the evaporators and down condenser. The model includes the following assumptions: steady 
state operation, neglect of heat losses to the surrounding, the brine temperature difference between effects is set 
equal for all effects, salt free distillate from all effects and neglect of the influence of changes in salinity of brine on 
seawater properties. 
3.1. Modelling of the effects 
The temperature difference of the brine ǻ7, assumed to be the same for all effects, is calculated with equation (1). 
Thus the brine temperature of the next effect Ti+1 is ǻ7 °C smaller than the brine temperature Ti. The vapor 
Fig. 1 Schematic of parallel/cross flow MED plant 
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generated inside effect i is superheated by the boiling point elevation BPE. For this reason, the condensation 
temperature of the vapor generated inside effect i, Tvi, is calculated with the brine temperature Ti minus the boiling 
point elevation BPE. The feed seawater flow rate F is equally distributed to all effects according to Fig. 1. A 
constant salinity Xi is assumed throughout all effects. The brine leaving effect i, Bi, is introduced into effect i+1. 
This is repeated until the last effect, after which the brine is rejected. This is accounted for by equation (2). 
 
ȟܶ = ଵܶ െ ௡ܶ
݊ െ 1  (1) 
ܤ௜ =෍ܨ௞ െ ܦ௞
௜
௞ୀଵ
 (2) 
In order to calculate the produced distillate leaving each effect an energy balance is set up for each effect and the 
flash boxes. The equations (3), (4) and (5) show the final energy balances for the effects 1 to n. The complete 
derivation of these equations is shown in [3]. 
 
Effect 1: 
ܦ௦ ڄ ȟ݄௦ = ܦଵ ڄ [݄ᇱᇱ( ௩ܶଵ)െ ݄ᇱ( ଵܶ)] +
ܨ
݊
ڄ ܿ൫ ௙ܶଵ, ଵܶ, ௙ܺ൯ ڄ ൫ ଵܶ െ ௙ܶ൯ (3) 
Effect 2: Dଶ ڄ [݄ᇱᇱ( ௩ܶଶ)െ ݄ᇱ( ଶܶ)] = ܦଵ ڄ ȟ݄( ௩ܶଵ)െ
ܨ
݊
ڄ ܿ൫ തܶ , ௙ܺ൯ ڄ ൫ ଶܶ െ ௙ܶ൯ 
+ܤଵ ڄ ܿ( തܶ ,ܺ௕) ڄ ( ଵܶ െ ଶܶ) 
 
 
(4) 
Effect 
i=3..n: 
D௜ ڄ [݄ᇱᇱ( ௩ܶ௜)െ ݄ᇱ( ௜ܶ)]
= ܦ௜ିଵȟ݄( ௩ܶ ௜ିଵ) + ቌ෍ܦ௞
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௞ୀଵ
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ܨ
݊
ڄ ܿ൫ തܶ , ௙ܺ൯ ڄ ൫ ௜ܶ െ ௙ܶ൯ + ܤ௜ିଵ ڄ ܿ( തܶ௜ ,ܺ௕) ڄ ( ௜ܶିଵ െ ௜ܶ) 
 
 
(5) 
 
Finally, the total mass balance of the distillate mass flow (6) and the total salt mass balance (7) deliver the 
remaining two equations necessary to solve the equation system. This linear equation system can be solved using 
Scilab©. 
෍ܦ௞ = ܦ
௡
௞ୀଵ
 (6) 
F ڄ ൫ܺ௕ െ ௙ܺ൯ െ ܦ ڄ ܺ௕ = 0 (7) 
3.2. Applied constraints 
Scaling occurs if the solubility limits are exceeded during operation. Therefore the temperature configuration of 
the MED plant must be chosen as to avoid scaling risk. Hence, the curve for the solubility limit of CaSO4 described 
by the following relation is included in the model [1]. If this maximum solubility minus an offset is overstepped, the 
considered configuration will be excluded from the solution set. 
 
ܺ஼௔ௌைర,௟௜௠ = 0.9 ڄ (457628.5െ 11304.11 ڄ ଵܶ/[°ܥ] + 107.5781 ڄ ଵܶଶ/[°ܥଶ] െ 0.360747 ڄ ଵܶଷ/[°ܥଷ]) (8) 
In addition to the solubility limits, the brine temperature inside the last effect has to be at least 3 K greater than 
the feed temperature. The difference of brine temperature between two effects ǻ7 has to be greater than 2.25 K and 
smaller than 5 K. The temperature increase of the seawater inside the condenser has to be greater than 3 K and 
smaller than 10 K [4]. 
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3.3. Performance parameters 
The performance parameters used to evaluate the desalination system are defined as follows: 
Gained Output Ratio: ܩܱܴ = ܦ
ܦ௦
 (9) 
Specific seawater mass 
flow: ݏܯ௖ =
ܯ௖
ܦ
=
ܦ௡ ڄ ߂݄൫ ௩ܶ,௡൯ + σ (ܦ௞) ڄ ൣ݄ᇱ൫ ௩ܶ,௡ିଵ൯ െ ݄ᇱ൫ ௩ܶ,௡൯൧௡ିଵ௞ୀଵ
ܿ൫ തܶ , ௙ܺ൯ ڄ ൫ ௙ܶ,௡ െ ௖ܶ൯
ܦ
 
(10) 
Specific heat transfer 
surface1,2: ݏܣ௧௢௧ =
σ ܣ௘,௜ + ܣ௖௡௜ୀଵ
ܦ
=
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ሶܳ௜௡,௜
௘ܷ,௜ڄ௱்೘,೔
+ ሶܳ ௜௡,௖
௖ܷ ڄ ߂ ௠ܶ,௖
௡
௜ୀଵ
ܦ
 
(11) 
3.4. Optimization procedure 
The aim this work is to deduce a correlation for the GOR as a function of the heating steam temperature Ts for a 
certain set of boundary conditions. The optimal configuration of an MED plant is a compromise between specific 
heat transfer surface and the GOR: higher heat transfer surfaces lead to higher GORs. Indeed, an increase in heat 
transfer surface leads to lower ǻ7, thereby allowing a higher number of effects. For a given required distillate 
 
 
1 The outer heat transfer coefficient for the effect tubes is based on the correlation for a smooth horizontal tube assuming surface 
evaporation and a sheet flow patter based on Han and Fletcher, 1985 [8]. The inner heat transfer coefficient for the effects 
assumes a stratified flow pattern [9]. Tube fouling is accounted for according to [10]. The thermal resistance of the tube is 
calculated using the material properties of 90/10 Cu-Ni tubes. A complete deduction of the overall heat transfer coefficient can be 
found in [3]. 
2 The heat transfer coefficient during vapor condensation outside the tubes for the condenser is computed using the correlation 
developed by Henning et al. The inner heat transfer coefficient of the condenser tubes is calculated using the empirical equation 
developed by Wangnick ts [11]. A complete deduction of the overall heat transfer coefficient can be found in [3]. 
Fig. 2. Flowchart of the optimum configuration routine 
Set heating steam temperature Ts
Set parameters inside desalination plant
(n, Tn, Tf)
If 
Xf > XCaSO4,lim-ǻX
2.25 K < ǻT < 5 K
Tn-Tf > 3 K
3 K<Tf-Tc <10 K
then
Calculate performance parameters
GOR, sAtot, sMc
True
False
1. Exclude solutions sMc>sMc,tol
2. Find sAtot,min(Ts)
3. Calculate inc sA of all configurations
4. Exclude solutions inc sA > inc sAtol
5. Find GORmax among remaining solutions
Calculate parameters C1, C2 and C3 of 
trendline: GOR(Ts)=C1Ts2+C2Ts+C3
While
nTs<nTs,max
True
False
While 
nPara < nPara,max
True
False
Set boundary conditions (Xc, Tc)
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production, this decreases the distillate production per effect, including the last effect. Thus more energy is 
reutilized for vapor production, rather than seawater preheating. This increases the GOR. However, the cost of the 
heat transfer area represent about 25% of the total capital cost, thereby economically limiting an efficiency driven 
optimization [5]. In order to quantify the order of magnitude of the optimization potential for the GOR, a maximum 
tolerable relative increase of specific heat transfer surface inc sAtol is defined. The relative increase of specific heat 
transfer surface of each solution inc sA is defined as follows. 
 
݅݊ܿ ݏܣ = ݏܣ௧௢௧ െ ݏܣ௧௢௧,௠௜௡( ௦ܶ)
ݏܣ௧௢௧,௠௜௡( ௦ܶ) ൑ ݅݊ܿ ݏܣ௧௢௟ 
(12) 
Where sAtot is the specific heat transfer surface of the considered solution and sAtot,min is the minimum calculated 
specific heat transfer surface among the set of solutions for a given heating steam temperature Ts. Together with the 
maximum tolerable specific cooling water mass flow sMc,tol one unique maximum GOR can be found for a given set 
of boundary conditions. The algorithm selects one optimum configuration for each steam temperature and fits a 
function GOR=f(Ts) to the resulting points. (See Fig. 2) 
 
Fig. 3 shows three representative curves of the GOR as function of the heating steam temperature. These results 
are generated with a maximum tolerated specific cooling water mass flow sMc,tol of 25 and a tolerable increase in 
heat transfer surface of 0, 10 and 30%, respectively. The seawater has a salinity of 35,000 ppm and enters the 
condenser with a temperature of 35°C. It can be seen that the GOR can be considerably increased by allowing either 
higher heating steam temperatures or by increasing the heat transfer surface. For low allowable increases of heat 
transfer surfaces the GOR is almost linearly dependent on the heating steam temperature. Indeed an increase of Ts 
by 5°C allows adding one effecWZLWKRXWWKHQHHGWRGHFUHDVHWKHWHPSHUDWXUHJUDGLHQWǻ7EHWZHHQWZRHIIHFWV$V
a result the GOR of the plant increases because of better utilization of the available energy for distillate production. 
The same happens when increasing the heat transfer VXUIDFHLWDOORZVORZHUǻ7 and thus more effects, leading to the 
increase of GOR, while keeping the same heating steam temperature. For example setting inc sAtol to 10% improves 
the GOR by 35% for Ts = 65°C compared to sAtol = 0%. 
 
A function for the GOR as a function of the heating steam temperature is deduced for each inc sAtol. These 
functions can now be introduced into the power block model. 
Fig. 3. GOR as a function of the heating steam temperature for three tolerable increases of heat transfer surface 
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4. Modelling of central receiver plant, storage and steam cycle 
This section describes the basic concepts used to model the heliostat field, the molten salt receiver, the storage 
and the steam cycle. As the main focus of this paper is the desalination plant and its integration, we present here 
only a short description of the modelling procedure for the heliostat field and receiver.  
The model for the solar island and power cycle is able to compute annual calculations with hourly resolution. It 
uses correction factors to account for start-up of both the receiver and the power block. Efficiency curves for both 
the heliostat field and the receiver are issued from more detailed models, shortly described in the following two 
sections. A certain amount of collected energy can be stored in the thermal storage. Once the maximum storage 
capacity is reached, the excess amount of energy is assumed to be lost. In a real operation situation this would be 
achieved via defocussing of a part or the full heliostat field. The power cycle is assumed to be powered either 
directly from the solar island or from the storage. The power cycle used for the showcase scenario calculation 
operates at full load only. Parasitics of the solar island are accounted for as a fixed percent of gross electric output. 
The parasitics of the feed pump of the power block are computed via isentropic efficiencies of the feed pump. Other 
parasitics of the power block are subtracted as a fraction of the thermal rating of the steam generator. The electrical 
consumption of the desalination plant is subtracted from the gross electric output of the power block. The operation 
strategy chosen for the simulation is solar driven: thus the power block is operated whenever enough energy is 
available from either the field or the storage.  
4.1. Heliostat field model 
The optical efficiency of the heliostat field is dependent on many factors including the position of the heliostats 
in the field, tower position and height, the position of the sun, shape of the receiver and attenuation of the radiation. 
The position of the sun is described with its azimuth and elevation angles. Together with the optical properties of the 
heliostats and the receiver, such as reflectivity, total beam error and absorptivity, the efficiency of the field is 
simulated using the Raytracing software SolTrace©. The Heliostat field model yields an optimized heliostat field 
arrangement for a fixed tower and receiver configuration for a certain location, as well as a correlation for the 
optical efficiency of the heliostat field (sun to absorbed) for each surface of the receiver as a function of the 
elevation and azimuth angle: Ʉopt = f (Ʌǡ ɔ ). 
 
Fig. 4. Schematic of the Solar Island, Storage, Clausius-Rankine Cycle and MED plant 
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4.2. Receiver model 
The receiver is modelled using a low resolution steady state energy balance model programmed in Scilab©. The 
model separates the absorber area into several sections. For each section i, the model solves the energy balance 
between incoming radiation from the field, thermal radiation from neighboring receiver sections, radiative and 
convective losses and the power that is transferred to the molten salt. The Gebhart Factors necessary to account for 
thermal re-radiation are computed using SolTrace©. For convective losses a flat plate convection model is assumed. 
Average salt temperatures are assumed in each receiver section. Conductive losses through the insulation to the 
ambient are neglected. The receiver model returns a receiver efficiency as a function of the load factor of the 
receiver and the wind velocity: Ʉrec = f (LF, vw ). Together with the optical efficiency from the heliostat field model, 
the thermal output from the receiver can be characterized as a function of the direct normal irradiation, azimuth and 
elevation angles and wind velocity. Start-up energy of the receiver is accounted for by a minimum amount of energy 
that has to be collected from the field, for a certain amount of time. 
 
௥ܲ௘௖ ,௢௨௧(ݐ) = ߟ௢௣௧൫ߠ(ݐ),߮(ݐ)൯ ڄ ߟ௥௘௖൫ܮܨ, ݒ௪(ݐ)൯ ڄ ܦܰܫ ڄ ܣ௥௘௙௟  (13) 
4.3. Clausius-Rankine cycle model 
Fig. 4 shows the setup of the steam cycle and desalination plant that is used for the showcase scenario in section 
5. This setup uses a very simple Clausius-Rankine cycle without reheat or regenerative feed water preheating, as 
used for small scale power cycles. The feed water is pressurized by the feed pump and heated in the steam generator 
and superheater up to design conditions. (500°C, 100 bar). After expansion in the turbine the condensation energy of 
the steam is used to drive the MED plant. The efficiency of the steam cycle is calculated by simple energy balances 
and isentropic efficiencies of the turbine and the feed pump. The assumptions made for the power block model are 
defined in Appendix A.  
ߟ௘௟,௉஻ = ௘ܲ௟,௡௘௧
்ܲோ ௌீ
 (14) 
ߟ௘௟,௉஻ =
ߟௌீ
ȟ݄ௌீ
ڄ ൬ߟ௚௘௡ ڄ ߟ௠௘௖௛ ڄ ȟ݄௧ െ
ȟ݄௣
ߟ௠௘௖௛ ڄ ߟ௠௢௧
൰ െ ߟ௢௧௛௘௥  (15) 
5. Showcase simulation results for Al-Kosseir, Egypt 
In a final step, the three correlations from section 3.4 for the GOR=f(Ts) are combined with the model of the 
solar island and the power block. Indeed, a lower steam temperature at turbine outlet leads to an increase in the 
efficiency of the power block and therefore to a higher annual electricity production. However, it also decreases the 
GOR of the desalination plant. For a given solar island and power block size, a lower GOR means that the nominal 
capacity of the  MED plant has to be reduced, thus decreasing the annual water production. Alternatively, higher 
GORs of the desalination plant can be achieved for a fixed heating steam temperature by increasing the heat transfer 
surface of the MED plant and thereby increasing the investment costs for the desalination plant. This means that the 
choice of the desalination and power block configuration is a trade-off between annual water and electricity 
production and investment costs. 
 
In this section, a showcase simulation is performed for the location Al-Kosseir, Egypt using weather data from 
Meteonorm and seawater data from ICDC [6]. The solar island powers a simple 3 MWel power block without reheat 
or regenerative feed water preheating (as shown in Fig. 4). The solar island is dimensioned in order to achieve a very 
high capacity factor. The summary of assumptions made for the power block, storage, receiver and heliostat field 
can be found in Appendix A. The three correlations for GOR=f(Ts) from Fig. 3 are inserted into the solar island and 
power block model. An hourly based annual calculation is performed for various turbine outlet temperatures for the 
three desalination plant configurations yielding the annual water and electricity production of the plant. For a better 
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visualization the annual electricity and water production are normalized: the equations for the annual normalized 
electricity and water production are defined as follows. 
 
ܧ௘௟,௔௡௡௨௔௟,௡௢௥௠ =
ܧ௘௟,௔௡௡௨௔௟( ௦ܶ, ݅݊ܿ ݏܣ௧௢௟)
ܧ௘௟,௔௡௡௨௔௟( ௦ܶ = 47°ܥ,݊݋ ܯܧܦ) 
 
(16) 
ெܹா஽,௔௡௡௨௔௟,௡௢௥௠ = ெܹா஽,௔௡௡௨௔௟
( ௦ܶ, ݅݊ܿ ݏܣ௧௢௟)
ெܹா஽,௔௡௡௨௔௟,௠௜௡
 (17) 
 
The minimum annual water production ெܹா஽,௔௡௡௨௔௟,௠௜௡ is in this case found for the turbine outlet temperature 
Ts=65 °C and inc sAtol=0 %. The normalized annual electricity production over the normalized annual water 
production for a tolerable increase in specific heat transfer surface varying between 0 and 30 % is shown in Fig. 5. 
The continuous lines are modeled assuming an electricity consumption of the MED plant EMED of 1.5 kWh/m³, the 
dashed line assumes 2.5 kWh/m³. The black dashed lines represent solutions found at equal heating steam 
temperature. It occurs that for EMED = 1.5 kWh/m³ the maximum reachable annual electricity production of a cycle 
combined with an MED is 94 % of a steam cycle without water production. It can also be seen that increasing the 
turbine outlet temperature does indeed considerably increase the annual water production. For example for inc sAtol 
= 0 % and EMED = 1.5 kWh/m³ the annual water production can be more than doubled at a steam temperature Ts=90 
°C. At the same time the electricity production decreases down to 84 % of the production predicted for an electricity 
only scenario. The graph also shows the great potential of increasing the specific heat transfer surface: for example 
inc sAtol = 30 % at Ts = 65 °C and EMED = 1.5 kWh/m³ increases the water production to 157 % at 93 % of 
electricity production. The lower net electricity production for higher inc sAtol is caused by a higher annual 
electricity consumption of the desalination plant because of the increased water production. If a higher specific 
electricity consumption of the MED plant is assumed the curves are transposed to a lower normalized annual 
electricity production. For example an electrcity consumption of the MED plant of 2.5 kWh/m³ [2], lowers the 
maximum normalized annual electrcity production to 92 %. 
Fig. 5. Annual normalized electricity production over annual normalized water production for varying tolerable increases in heat 
transfer surface 
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6. Conclusion 
A steady state model of a parallel/cross flow type MED plant is developed. This model is used in order to 
optimize the efficiency of the desalination plant for a range of heating steam temperatures while considering a 
maximum tolerable increase in heat transfer surface and a maximum cooling water mass flow. For given seawater 
conditions a correlation of the optimum GOR as a function of the steam temperature is computed. The resulting 
correlation is then combined with a model of a solar tower plant powering a conventional Clausius-Rankine cycle. 
Both the influence of the heating steam temperature and of the increase of heat transfer surface on the annual water 
and electricity production are studied using weather and seawater data from the showcase location Al-Kosseir, 
Egypt. The results show that the annual water production can be more than doubled if a heating steam temperature 
of 90 °C is used instead of 65 °C. However, this approach sacrifices 11 % of potential electricity generation, because 
of the resulting lower steam cycle efficiency. On the other hand the water production can be increased by over 50 % 
by an increase of heat transfer surface inside the desalination plant of 30 %. In this case the annual electricity 
production is only decreased by 1 %, by the additional consumption of electricity of the desalination plant. 
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Appendix A. List of assumptions 
Mech. Efficiency turb.: ߟ௠௘௖௛  97 %   Other parasitics:  ߟ௢௧௛௘௥  1 % 
Motor efficiency pump: ߟ௠௢௧ 80 %   specific heat losses  
Is. efficiency turbine:  70 %   startup Powerblock:  5 GJ/MWel 
Is. Efficiency feed pump:  80 %   Steam press. Turbine in:  100 bar 
Efficiency steam gen.: ߟௌீ 98 %   Steam temp. turbine in:  500 °C 
 
Mirror area:   52,272 m²  Hours of storage:   13 hrs 
Therm. Rating receiver:  30 MWth   parasitics of solar island: (as  15 % 
Startup energy receiver:  5 MWhth   percent of gross electric output) [7] 
 
Salinity of brine:   70,000 ppm  Fouling resistance effects/   
Number of effects:  3-15   condenser: [8]   0.05 m²K/kW 
Diameter tubes       velocity feed condenser: [9] 2 m/s 
effect and condenser:  19.75 mm [1]  non condensable gases: [9] 0.015 wt-% 
Tube thickness effects:  0.5 mm  [8]  salinity feed:   35,000 ppm [6] 
Tube thickness condenser:  2 mm [8]  Temperature seawater:  35 °C [6] 
Reynold number effects:  1500 [8]   electricity consumption MED [2]: 1.5; 2.5 kWh/m³  
Appendix B. List of symbols and indices 
௜ܶ   Brine temperature in effect i (K)  X  Salinity (ppmw) 
ȟܶ = ௜ܶ െ ௜ܶିଵ Difference of brine temperature  ܿ( തܶ ,ܺ) Mean spec. heat cap. of seawater for the  
between two consecutive effects (K)   mean Temperature തܶ and salinity X (J/kg/K) 
௩ܶ,௜  Distillate vapour temperature exiting ߟௌீ Efficiency steam generator (-) 
 C. Frantz and B. Seifert /  Energy Procedia  69 ( 2015 )  1928 – 1937 1937
   effect i (K)    ߟ௠௢௧ Motor efficiency feed pump (-) 
௦ܶ  Heating steam temperature or turbine ߟ௚௘௡ Efficiency generator (-) 
  outlet temperature (K)   ߟ௠௘௖௛  Mechanical efficiency turbine (-) 
ܤܲܧ  Boiling point elevation (K)  ߟ௢௧௛௘௥  Other parasitics (-) 
ܨ  Feed mass flow (kg/s)   ȟ݄௣ Enthalpy difference feed pump (J/kg) 
ܤ  Brine mass flow (kg/s)   ȟ݄ௌீ Enthalpy difference steam generator (J/kg) 
ܦ  Distillate mass flow (kg/s)   ȟ݄௧ Enthalpy difference turbine (J/kg) 
ܦ௦  Heating steam mass flow (kg/s)   
ܯ௖  Cooling water mass flow (kg/s)  ܧ௘௟,௬௥ Annual electricity production (GWhel/yr) 
݄ᇱ(ܶ)  Saturated liquid enthalpy at   ெܹா஽,௬௥ Annual water production (m³/yr) 
  temperature T (J/kg)   ௘ܲ௟,௡௘௧ Net power production turbine (W) 
݄ᇱᇱ(ܶ)  Saturated vapour enthalpy at  ்ܲோ ௌீ Thermal rating steam generator (W) 
  temperature T (J/kg) 
ȟ݄(ܶ)  Enthalpy of evaporation at  
  temperature T (J/kg) 
 
i  effect number    s  heating steam 
n  last effect or total number of effect  c  cooling water 
b  brine     f  feed 
 
ߠ  elevation angle (rad)   LF Load factor receiver (-) 
ɔ  azimuth angle (rad)   DNI Direct normal irradiation (W/m²) 
ݒ௪  wind velocity @ 10 m (m/s)  ܣ௥௘௙௟ reflector area (m²) 
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